Introduction
Open clusters (OCs) are valuable objects for revealing stellar evolution and the structure, chemical and dynamical evolution of the Galactic disk. Be 8 has been studied by Hasegawa et al. (2004) [1] from CCD BVI photometry and by Bukowiecki et al. (2011) [2] from 2MASS JHK s photometry. Be 8 is located close to a portion of the Perseus spiral arm in the second quadrant of the Galaxy (Figure 1 ), according to its equatorial and Galactic coordinates (WEBDA) [3] (rows 1-4 of Table 1 ). The main aim of this paper is to present astrophysical parameters such as reddening, distance and age of Be 8 from four colour indices, (B − V ) , (V − I) , (R − I) and (G BP -G RP ) obtained from deep CCD U BV RI and Gaia photometries. This kind of data is also valuable for classifying early-type stars, Blue Stragglers (BS) and Red Giant/Red Clump (RG/RC) candidates in the colour magnitude diagrams (CMDs), and thus probable candidates are proposed for future spectroscopic observations. We used Gaia DR2 astrometric data (proper motion components and parallaxes) [4, 5] and Gaia DR2 photometry (G -G BP G RP ) for determining the probable members of Be 8. With the Gaia DR2 astrometric data, a membership method was done in the literature [6] [7] [8] . The membership determinations of previous works have been based on the proper motions of Roeser et al. (2010) [9] in combination with the 2MASS JHK s photometry of Skrutskie et al. (2006) [10] . Cantat-Gaudin et al. (2018) [11] state that the proper motion uncertainties of UCAC4 fall in the range of 1-10 mas yr −1 [9, 12] . According to Lindegren et al. (2018) [4] and Brown et al.
(2018) [5] , the mean parallax errors of Gaia DR2 catalogue fall in the range 0.02 -0.04 mas for G < 15 and 0.1 The sun is at R = 8.2 ± 0.1 kpc [34] . The image is adapted from the image 1 credit by Robert Hurt, IPAC; Bill Saxton, NRAO/AUI/NSF. This paper is organised as follows: Section 2 describes the observation and reduction techniques. Its dimensions are given in Section 3. Section 4 is devoted for the classification of cluster members. Section 5 describes the derivation of the astrophysical parameters. The classification of BS and RG/RC candidates and its morphological age determination are presented in Section 6. Section 7 focuses into its kinematics and orbital parameters. Discussions and Conclusions are given in Section 8.
Observations and Reduction techniques
Observations of Be 8 were carried out, during the photometric night of December 3 2015, with the 0.90m (f/8 Ritchey-Chrétien) telescope at Sierra Nevada Observatory (Granada, Spain). A filter wheel with U BV RI filters and a scientific grade Marconi-EEV CCD42-40 were employed. The CCD is a 2048x2048 13.5-µm square-pixel detector with a nominal gain of 1.35 e − /ADU and a readout noise of 7.14 e − at the 2×2 binning employed.
Along with the optics, it covers a field of view of 13.2 ×13.2 arcmin 2 . Apart form Be 8, other open clusters and some Landolt standard fields [13] were observed. Flat fields were also acquired at the beginning of the night and many bias frames were also taken.
The data reduction was carried out by R. Michel 2 using the IRAF 3 package and together with some home-made auxiliary Fortran programs and Awk scripts. All the images were bias subtracted and flat-field corrected (CCDRED). Cosmic rays were removed with the L.A. Cosmic 4 script van Dokkum (2001) [14] .
The standard magnitudes were taken from the catalogue by Landolt (2009) [13] and supplemented with the secondary photometric standards by Cutri et al. (2013) [15] . As a result, the transformation coefficients were found (FITPARAMS). For magnitude estimation, transformation equations used are
where m λ , k 1 , k 2 , C and X are observed instrumental magnitude, primary and secondary extinction coefficients, colour index and air mass, respectively. M λ , η λ , ζ λ are standard magnitude, atmospheric extinctioncorrected instrumental magnitude, transformation coefficient and photometric zero point, respectively. The other details of data reduction can be found in the papers of Akkaya et al. (2010) [16] and Akkaya et al. (2015) [17]. Air-mass range and exposure times in each band during the observations are given in rows 5-10 of Table  1 . Figure 2 presents the finding chart Figure 3 . Its mean photometric errors are also listed in Table 2 . Our inspection of Figure  3 and Table 2 
Dimensions of Be 8
The stellar radial density profile (RDP) of Be 8 ( Figure 4 ) has been built from Gaia DR2 photometry for the equatorial coordinates (Table 1 ). Its RDP have been constructed by counting stars in concentric rings of increasing width with distance to its centre. We choose ∆R = 15.0 as the wide external ring of the stellar comparison field. As emphasised by Bonatto and Bica (2007) [18] , the number and width of rings were optimised so that the resulting RDP had adequate spatial resolution with moderate 1 σ Poisson errors. The solid curve ( Figure 4 ) denotes the fitted King's profile [19] . Here we adopt the two-parameter function, 
Classification of cluster members
For the membership determination of Be 8, our CCD U BV RI photometric data have been matched with Gaia DR2 astrometric (proper motion components and parallaxes) (µ α , µ δ and ) and Gaia DR2 photometric data.
The µ α versus µ δ ( mas yr −1 ) for all stars of Be 8 (filled dots) is shown in Figure 5 . Grey dots denote the field stars inside R = 15 .0 arcmin centred on Be 8. We have applied Gaussian Mixture method for all stars of Be 8. By applying Gaussian Mixture Model (GMM) [20] to the stars in the cluster region of Be 8, we have determined the membership probability ( P ). The model considers that the distribution of proper motions of the stars in a cluster's region can be represented by two elliptical bivariate Gaussians, by following Wu et al. [8] . P is defined Φ c / Φ . Here Φ = Φ c + Φ f is the total probability distribution. c and f subscripts for cluster and field parameters, respectively. The used parameters for estimation of Φ c and Φ f are µ α , µ δ , , σ µα , σ µδ , σ . The averages and their uncertainties of proper motion components and parallaxes in the distributions of the cluster and field regions in Figure 5 are listed in Table 3 . Figure 6 (a) shows the membership probability ( P ) histogram, which provides a very clear separation between cluster and field stars. The number of stars with membership probability which is greater than 90 % is 273. These likely members have been considered for deriving astrophysical parameters of Be 8. From the relation of the membership probability (P ) versus G mag ( Figure 6 (b)), high membership probability appears to extend down to G ∼ 21 mag. Table 3 . The medians and their uncertainties of proper motion components ( µα , µ δ ) ( mas yr −1 ) and parallaxes ( ) (mas) from the distributions of the cluster and field regions on Figure 5 . 
Astrophysical parameters of Be 8 open cluster
The two colour (U − B) -(B − V ) (CC) diagram of the 17 probable members for Be 8 is displayed in Figure 7 .
The blue line denotes the reddened main sequence for dwarfs and red giants of Schmidt-Kaler (1982)(SK82) [22] . It appears from Since these issues make it difficult to determine its photometric metal abundance and reddening from CC diagram, we have derived the reddenings, distance moduli and ages of Be 8 from the PARSEC isochrones of Bressan et al. (2012) [24] on the CMDs for four colour indices. The appropriate PARSEC isochrones for different heavy element abundance mass fractions (Z = +0.015, +0.004, +0.008) (left panel of Figure 8 ) and reddenings have been fitted on the CMDs. The 2.8 Gyr PARSEC isochrones for Z = +0.008 abundance gave us a good fit solution on the CMDs: (Figs. 8-9 ). The equation (Figs. 8 -9 ). Table 5 . For five likely members with Gaia DR2 radial velocity data ( V rad ) km s −1 ) (Col. 8), Gaia DR2 proper motion components mas yr −1 (Cols. 6 -7) and parallaxes (mas) (Col. 9). Their equatorial coordinates (J2000) (Cols. 2 -3) and V and (B − V ) (Cols. 4 -5) . Probability membership value (last column). 
Kinematics and Orbital parameters of Be 8
Five likely members with Gaia DR2 radial velocities (Table 5) Table 6 .
By utilising the "MWPotential2014" code in the galpy-code library 1 written by Bovy (2015) [37] , periand apo-galactic distances (R min , R max ) (kpc) and the maximum height distance (z max ) (kpc) have been obtained. The orbital eccentricity (ecc) is estimated via the relation e = (R max − R min )/(R max + R min ) . Mean orbital radius ( R m ) (kpc) is given as the mean of R min and R max distances. Each member's orbit has been integrated for 2.8 Gyr (Table 4) within the Galactic potential. The galactic potential is a sum of the Galactic components, as given in the paper of Bovy (2015) [37] .
The orbital angular momentum components J x , J y , J z and J ⊥ (kpc km s −1 ) for five members are calculated from the equations of Kepley et al. (2007) [36] . These orbital and angular momentum parameters ( J z , J ⊥ ) are given in Cols. 6-12 of Table 6 . The total angular momentum J ⊥ is defined as J ⊥ = (J to z max = 1.27 kpc . According to Figure 13 of Carney et al. (1996) [38] , thin and thick disk stars have the (Table 4) . A global systematic offset of Gaia DR2 parallaxes is ∆ = −0.029 mas in terms of an inertial reference frame, derived by Lindegren et al. (2018) [4] . Recent values for the zero point shift of parallax have been found as ∆ = −0.045 ± 0.009 mas [39] , ∆ = −0.053 ± 0.003 mas [40] , and ∆ = −0.046 ± 0.013 mas [41] , respectively.A correction of 0.005 mas to the median value of our median parallax gives a closer distance with a difference of 66 pc for Be 8. [42] .
Discussions and Conclusions
Two BS candidates reside in core radius of 1.8 of Be 8 ( Figure 10 ). BS stars potentially locate in the inner regions of stellar clusters [43] . According to Ferraro (2016) [44] , their formation ways are explained: mass transfer in binary systems [45] due to the merging of the two stars and stellar collisions [46] .
It is surprising to find Be 8 with [M/H] = −0.27 (close to solar metallicity) at such large galactic radius (R = 10.57 kpc). However, the orbits in Fig.11 (a) and (b) show that the cluster passed a part of its time at galactocentric radius, R = 6 − 7 kpc, and then possibly it was born at that radius, which would explain the metallicity. According to Figure .57 kpc reside in a region of R > 9 kpc (co-rotation gap at 9 kpc). In the sense it may have been originating from different galactic radius or different star formation region [47] .
